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This report is one volume of a Design Analysis Report prepared by LaRC 
on portions of the pressure shell for the National Transonic Facility. This 
report is to be used in conjunction with reports prepared under NASA 
Contract NASl-13535(c) by the Ralph M. Parsons Company (Job Number 5409-3 
dated September 1976) and Fluidyne Engineering Corporation (Job Number 1060 
dated September 1976). The volumes prepared by LaRC are listed below: 

1. Finite Difference Analysis of Cone/Cylinder (925 Ni), Vol . 1, 

NASA TM X73956-1 . 

2. Finite Element Analysis of Corners #3 and H (9% Ni), Vol. 2, 

NASA TM X73956-2. 


3. Finite Element Analysis of Plenum Region Including Side Access 
Reinforcement, Side Access Door and Angle of Attack Penetration 
(9% Ni), Vol. 3, NASA TM X73956-3. 

4. Thermal Analysis {9% Ni), Vol. 4, NASA TM X73956-4. 

5. Finite Element and Numerical Integration Analyses of the 
Bulkhead Region (9% Ni), Vol. 5, NASA TM X73956-5. 

6. Fatigue Analysis (9% Ni), Vol. 6, NASA TM X73956-6. 

7. Special Studies (9'5 Ni), Vol. 7. NASA TM X73956-7. 
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NTF DESIGN CRITERIA 
FOR 9% NICKEL 


j GENERAL 

THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT 
SATISFIES THE DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSURE 
VESSEL CODE, SECTION VIII, DIVISION 1. SINCE DIVISION 1 DOES NOT 
; CONTAIN RULES TO COVER ALL DETAILS OF DESIGN, ADDITIONAL ANALYSES 
I WERE PERFORMED IN AREAS HAVING COMPLEX CONFIGURATIONS SUCH AS THE 
CONE CYLINDER JUNCTIONS, THE GATE VALVE BULKHEADS, THE BULKHEAD- 
f SHELL ATTACHMENTS, THE PLENUM ACCESS DOORS AND REINFORCEMENT 

AREAS, THE ELLIPTICAL CORNER SECTIONS, AND THE FIXED REGION (RING 
S8) OF THE TUNNEL. THE DIVISION 1 DESIGN CALCULATIONS, THE 
, ADDITIONAL ANALYSES AND THE CRITERIA FOR EVALUATION OF THE RESULTS 

j OF THE ADDITIONAL ANALYSES TO ENSURE COMPLIANCE WITH THE INTENT OF 

I DIVISION 1 REQUIREMENTS ARE CONTAINED IN THE TEXT OF THIS REPORT. 

I THE DESIGN ANALYSES AND ASSOCIATED CRITERIA CONSIDERED BOTH THE 

OPERATING AND HYDROSTATIC TEST CONDITIONS. 

IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE 
PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE 
ASME CODE, SECTION VIII, DIVISION 2. 

) 


MATERIAL 


THE PRESSURE SHELL .'-lATERIAL SHALL BE ASME, SA-5 5 5-1 FOR PLATE AND 
SA-522 FOR FORGINGS. THE MATERIAL PROPERTIES AT TEMPERATURES 
EQUAL TO OR BELOW 150°F ARE AS FOLLOWS: 

(A) PLATE, 2.0 INCHES OR THINNER 

YIELD = 85.0 KSI 
ULTIMATE = 100 KSI 

(B) WELDS (AUTOMATIC AND SEMIAUTOMATIC) 

YIELD = 52.5 KSI 
ULTIMATE = 95.0 KSI 

(C) WELDS (HAND) 

YIELD =58.5 KSI 
ULTIMATE = 95.0 KSI 


IV 


OPERATING, DESIGN AND TEST CONDITIONS 


) THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE 
SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW: 

1. OPERATING MEDIUM 

ANY MIXTURE OF AIR AND NITROGEN 

2. DESIGN TEMPERATURE RANGE 

MINUS 320 DEGREES FAHRENHEIT TO PLUS 150 DEGREES 
FAHRENHEIT, EXCEPT IN THE REGION OF THE PLENUM BULKHEADS 
AND GATE VALVES INSIDE A 23-FOOT, 4-INCH DIAMETER, FOR 
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES 
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT. 

3 . PRESSURE RANGE 


TUNNEL 

CONFIGURATION 

OPERATING 
PRESSURE 
RANGE, PSIA 

DESIGN 

PRESSURES 

PSID 

CONDITION I - PLENUM 
ISOLATION GATES OPEN 
AND. TUNNEL OPERATING : 



TUNNEL CIRCUIT 
EXCEPT PLENUM 

8.3 to 130 

A. 8 EXTERNAL 

B. 119 INTERNAL 

PLENUM (PLENUM PRESS- 
URE IS LIMITED TO 
.4 TO 1 TIMES THE 
REMAINDER OF THE 
TUNNEL CIRCUIT 

3.3 to 130 

A. 15 exter:ial 
3. 119 INTERNAL 

BULKHEAD 


5 6 (EXTER.NAL TO PLENUM) 

CONDITION II - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL SHUTDOWN: 



ENTIRE TUNNEL CIRCUIT 

8.3 to 130 

A. 8 EXTERNAL 

B. 119 INTERNAL 

BULKHEAD 


0 
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C. CONDITION III - PLENUM 
ISOLATION GATES AND 
ACCESS DOORS CLOSED: 

A. 8 EXTERNAL 

B. 119 INTERNAL 

A. 15 EXTERNAL 

B. 119 INTERNAL 


A. 25 (INTERNAL TO 
PLENUM) 

B. 119 (EXTERNAL TO 
PLENUM) FOR MINUS 
320 DEGREES 
FAHRENHEIT TO 
PLUS 150 DEGREES 
FAHRENHEIT 


*C. 110.5 (EXTERN'AL TC 
PLENUM) FOR PLUS 
151 DEGREES 
FAHRENHEIT TO PLUS 
200 DEGREES 
FAHREN'KEIT 

^OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN. 

D. CONDITION IV - PLENUM 

ISOLATION GATES CLOSED 

AND ACCESS DOORS OPEN: 

TUNNEL CIRCUIT EXCEPT 8.3 to 130 A. 8 EXTERNAL 

PLENUM B. 119 INTER.NAL 

PLENUM 14.7 0 

BULKHEAD A. 119 (EXTERNAL TO 

PLENUM) FOR MINUS 
320 DEGREES FAHRENHEIT 
TO PLUS 150 DEGREES 
FAHRENHEIT 

*B. 110.5 (EXTERNAL TO 
PLENUM) FOR PLUS 151 
DEGREES FAHRENHEIT TO PLUS 
200 DEGREES FAHRENHEIT 

*oplkating procedures limit pressures to that shown. 


TUNNEL CIRCUIT EXCEPT 8.3 to 130 
PLENUM 

PLENUM (PLENUM OPER- 0 to 130 

ATING PRESSURE CAN 

EXCEED THE PRESSURE 

IN THE REMAINDER OF 

THE TUNNEL CIRCUIT BY 

24 PSI, BUT DOES NOT 

EXCEED THE 130 PSIA 

MAXIMUM OPERATING 

PRESSURE) 

BULKHEAD 


vi 


4 . HYDROSTATIC TEST DESIGN CONDITIONS 

THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTION 
VIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOWS. 
PRESSURE SHELL TEMPERATURE SHALL BE EQUAL TO OR BELOW 
10C®F DURING HYDROSTATIC TESTS. 

CONDITION (1) - MAXIMUM INTERNAL PRESSURE CONDITION 
FOR THE ENTIRE TUNNEL CIRCUIT 


PH, = 1.5 (119) + HYDROSTATIC HEAD 

^ =178.5 PSI + HYDROSTATIC HEAD 

CONDITION (2) - MAXIMUM DIFFERENTIAL PRESSURE CONDITION 
ACROSS THE PLENUM BULKHEADS 

PH. = 1.5 (119) + HYDROSTATIC HEAD 
^ = 178.5 + HYDROSTATIC HEAD 

PH 2 * = 1.5 (111.5) (|y^) + HYDROSTATIC HEAD 

= 178.5 + HYDROSTATIC HEAD 

*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE 
DIFFERENTIALS ACROSS BULKHEADS IN EXCESS OF 
110.5 PSI FOR BULKHEAD AND GATE TEMPERATURES IN EXCESS 
OF 150°F. 

CONDITION (3) - MAXIMUM REVERSE DIFF ERE.NTIAL PRESSURE CONDITION 
.ACROSS THE PLE.TuM BULKHEADS 

PH 3 = 1.5 (25) = 37.5 PSI 

THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BE PRESSURIZED TO 
141 PSIG. THE PLE.NUM SHALL BE PRESSURIZED TO 178.5 P3IG. 

PRESSURE SHELL STRESS EVALUATION CRITERIA 

THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGN OF THE 
PRESSURE SHELL SO IT WILL MEET OR EXCEED ALL OF THE REQUIREMENTS 
OF SECTION VIII, DIVISION 1 OF THE ASME BOILER AND PRESSURE VESSEL 
CODE AND CAN BE ST'MPED WITH A DIVISION 1 "U" STAMP. 


I 


Vll 


1 . 


SECTION VIII, DIVISION 1, DIRECT APPLICATION 


A. THE MAXIMUM ALLOWABLE STRESS (S) 

S = 23.7 KSI (-320°F TO +150®F) 

S = 22.2 KSI (-320°F TO +200°F) 

(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSES 

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY 
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS. 
HOWEVER, FOR THE PURPOSE OF DESIGNING LOCAL 
REINFORCEMENT AT BRACKETS, RINGS OR PENETRATIONS NOT 
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE 
LOCAL SHELL MEMBRANE STRESS SHALL BE: 

P, + P < 1.5 SE 
b m — 

NOTE; E IS JOINT EFFICIENCY 


2 . 


IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES 
NOT CONTAIN RULES TO COVER ALL DETAILS OF DESIGN (REF. 
U-2(g)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZIN'G THE 
GUIDELINES OF THE ASME CODE, SECTION' VIII, DIVISION’ 2, 
APPENDIX 4, "DESIGN BASED ON* STRESS AN'ALYSIS." THE BASIC 
STRESS CRITERIA FOR DIVISION 2 IS REPRESEN'TED IN’ FI3TRE 


4-130.1 AN’D RESTATED BELOW’ IN'DICAT 
OR EXCESS REQUIREMEN'TS APPLIED TO 
INTENT OF DIVISION 1 AND TO OBTAIN 


ING AN’Y MCDIFICATICN'S 
IT TO REMAIN’ ’.•.’ITHi:: THE 
A DIVISION 1 STAMP. 


A. GENERAL PRINCIPAL MEMBRANE STRESS 
MAXIMUM ALLOWABLE STRESS 

S = 23.7 KSI (-320°F TO +150°F) 

S = 22.2 KSI (-320°F TO +200°F) 

MAXIMUM ALLOWABLE STRESS INTEL’S ITY 

S = 31.7 KSI (-320°F TO +200®F) 
m 

B. PRIMARY GENERAL MEMBRANE STRESS INTENSITY 

P < S 
m ^ m 

AND IN ORDER TO COMPLY WITH DIVISION 1, THE MAXIMUM 
PRINCIPAL MEMBRANE STRESS MUST BE: 

Pm* < S 
m — 

NOTE: THE * IS USED TO DENOTE THAT MAXIMUM PRINCII’AL 

STRESSES ARE TO BE COMPUTED FOR TPIE GIVEN LOADING 
CONDITION. THE INTENT IS TO DETERMINE THE STRESSES WHICH 
REPRESENT THE HOOP STRESSES AN'D MERIDIONAL STRESSES WHICH 
ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS. 

viii 
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C. DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS 
INTENSITY 


D. 


E. 


F. 


NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN 

ACCORDANCE WITH DIVISION 2, 

APPENDIX 4-112(1). THE TOTAL MERIDIONAL 
LENGTH IS CONSIDERED TO BE 1.0 ifWl 

DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY 
BENDING STRESS INTENSITY 


OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS 
INTENSITY 

P, + P. Q 3 S^ 

L D — ni 

COMMENT 


BECAUSE OF THE LOW YIELD STRENGTH EXPECTED AT THE 
WELDS AS COMPARED TO THE YIELD STRENGTH OF THE 
PLATE, STRESS INTENSITIES COMPUTED IN (A), (B), (C), 
(D), OR (E) SHALL NOT EXCEED THE YIELD STRZN3TH OF 
THE MATERIAL AT EITHER WELD OR PLATE LOCATION'S. 


3. A FATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE '.^/ITH 
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION. 


4. HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS 


A. PRESSURE SHELL 

IN ACCORDANCE WITH DIVISION 1 OF THE ASME CODE, 
DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE 
HYDROSTATIC TEST CONDITION IS NOT REQUIRED. 
HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY 
ENGINEERING DESIGN FOR THE PRESSURE SHELL THE 
FOLLOWING CRITERIA WAS USED: 

(a) THE MAXIMUM GENERAL MEMBRANE STRESS 
PERPENDICULAR TO A WELD LINE WAS 
LIMITED TO THE LESSER OF: 

P * < 0.8 WELD YIELD STRESS 
m — 

OR 

P * < 0.5 WELD ULTIMATE STRESS 
m — 


IX 


(b) THE GENERAL PRINCIPAL MEMBRANE STRESS IN THE 

PLATE (NOT AT A WELD) WAS LIMITED TO THE LESSER 
OF: 

P »> < 0.8 PLATE YIELD STRESS 
m — 

P„ *<0.5 PLATE ULTIMATE STRESS 
m — 

(*) THE STRESSES SATISFYING THIS CRITERIA ARE 
BASED ON MAXIMUM MEMBRANE STRESSES 
RATHER THAN INTENSITY CRITERIA. 


X 


The enclosed analyses is for 9% Ni with a 6” of Temp-Mat Insulation 
with internal circumferential "T" rings. The new baseline insulation 
is a Closed cell material "Rohacell", with internal tabs. The 
"RohacelV'insulation reduces the stresses contained herein by a factor 
of 10. 
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NOTATION 

A 

E 

L 


My. 


(«y)A- (”*)a 
(«y)B- (^*)a 


o 


p 

Pa 

R. 

T • 

t 

Vf 

X, y, z 


* Area of cross acclion ta'cen normal to the axis of revolution, in^. 

* YounR's modulus, psi. 

« Aren moments of inertia taken about the v and z axes, rcspcctiveh 

in^. 

■ Overall len(;lh of the cylinder, in. 

B Running bending moment about middle surface of shell wall 
in-lb 

(see Figure 2), 

B Overall bending moments about the y and z axes, respectively 
(see Figure 2), in-lb, 

* Artificial values for My and Mj,, respectively [.sc*e Equntic.ns (7)], 
In-lb. 

* Artificial values for My and M^, respectively [see Equations (S)3, 
in-lb. 

m 

B Axial force (sec Figure 1), lb, 

» Artificial value for P [sec Equatioi s (r>)], Id. 

B Artificial value for P [sec Equations (9)], lb. 

B Radius of cylinder n:<ddle surface, in. 

4 

* Temperature change from that of an initial unstressed state ir 
reference temperature (positive for a temperature rise), *F. 

B Thickness of shell wall, in. 

B Radial dcflccLion of shell wall, 

* Rectangular Cartesian coordinates (sec Figure 1), in, 

in ^ 

B Coefficient of linear thermal expansion, r-rrr • 

(in)C F) 
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notation • . 


y 

V 




(^*)cr 


Koock-down factor (sec Figure 3), dimensionless. 
Poisson's ratio, dimensionless.* 

Artificial axJnl stress defined by Equation (5), psi. 
Axial stresses due to 
respectively, 

Axial stress due to the artificial force Pq, psi. 

Axial stress, psi. 

Peak value for a^, psi. 

Critical axial si; css for buckling of the cylinder, psi. 


the artificial bending moments (Myjg and 


psi. 




» Angular coordinate (see Figure 1), radians. 



Note: All stresses arc positive in tension. 
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CONFIGURATION 

The design curves and cqunlions provldcii here apply only lo thin-walled, right eircular 

• * 

cylinders whieh satisfy the relationship .. . ■ ■ 



.and are made of isotropie material. It is assumed that the shell wall ic free of holes, 
obeys Hooke's law, and that it is of constant thiclmess. Figure 1 depicts Uie isotropic 
cylindrical shell configuration. Figure 2 shows the sign convention for forces, moments, 
and pressures. 

BOUNDARY CONDITIONS 

The following typos of boundary conditions are covered: 

I ■ • ■ * . 

a. Simply supported edge; that is, 

w = » 0 at X = 0 and/or x = L (2) 

• b. Clamped edge; that is, 

• • , I • • • 

w e r — at X = 0 and/or x = L (3) 

ox . : , 

It is not required that the conditions at the two ends be the same. In every case, it is 
assumed that Uie cylinder (including any end rings) is not subjected to external axial 
constraints at .any location around the boundaries at x = 0 and x > L. * . 

• i 

TEMPERATURE DISTRISUTIQM 

• The supposition is m.adc th.at no iiiennai gradients exist through the wall thiclTJCSs and 
in the axial direction. However, arbitrary' circumferential variations may be present. 
The permissible distributions can therefore be expressed in the form . 

t • • • . 

T = T («) (4) 
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ORIOINAL PAGE IS POOP 

■ ' ■■ ■Ml ■ j ■ , ti,. I II -nr 





TSN S.3.0-1 
Pb|;c 5 of 10 

Ifoop membrane compression may develop in rcclons ndjacenl to the two ends due to 
external radial constraint. However, the bucklinj; mode associated with this condition 
is not considered. Because of this and the lack of external. axial constraints, Uic 
sp'^cial case of a uniform temperature is of no interest here. 

DESIGN cunvr.s AND EQUATIONS 

It is assumed that Young's modulus and Poisson's ratio are unaffected by temperature 
changes. Hence, in using the contents of this TSN, the user must select effective 
values for each of these properties by applying engineering judgement. It will some- 
times be desirable to employ different effectiNc moduli in each of the following opera- 
tions: 

a. Computation of the stresses present in the cylinder. 

b. Computation of the critical buckling stress * 

On the other hand, the results arc presented in a form which enables the user to fully 
account for tcmpcraturc-dcpcndcncc of the thcnnal-cxpansion coefficient cc . 

The appropriate formulation for can be obtained by first imposing a fictitious stress 
distribution around the boundaries at x = 0 and x = L such that all axial thcimal 
deformations arc entirely suppressed. It follows that 


a = -aET(0) 


‘ (5) 


These stresses may be integrated around the circumference and through the wall 


thickness to arrive at the force 


P^*-Etn J crT(^)d0 
o 




and (he moments 


cv 

K)a ' / 0tT(C>) Din C 60 




fi 1^1 1« 
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2ir 


(m^Ia • -En^i / aT(0)cos0 d0 


( 7 ) 

(Contd) 


Since It Is nsBUjncd that the shell is free of external axial constraints, the conditions 


P ■ * M_ ** 0 


( 8 ) 


must be satisfied at x*=0 and x«L. To restore the shell to such a state, it is necessary 
to superimpose a force Pq equal and opposite to as well as moments (^ly)g ^d 
(m^)b which are equal and opposite to (My)y^ lienee. 


P * -P 
B A 


Nb*-(^V)a , 

• — 

The stress corresponding to P^ is easily found to be 


( 9 ) 


B B 


2tr 


("p)b ' ~ ' zTnt ' 55 / 


( 10 ) 


The stresses due 


to (My) 


„ are 
B - 


1 

y 


• (S)b 

And those due to i^zjn 


(«y)a* Wb 


E sin 0 


2tr 




- — ^ aT(0)olndd0 

0 


(11) 


ar<* 


("MsIb ' 


. (“4b y (“4 b’' 


E cos 0 


2tr 


ITR^t 


/ 


aT(0)cos 0d0 


(12) 


The procedure being used constitutes an application of Saint-Venant'o principle, 
lienee, the slrcoscs from Equations (10) through (12) will be accurate representaUons 
only at sufficient distances from the ends x = 0 and x**L. If end rings arc present, 
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the greater their resistance to out-of-plane bending, the shorter will be this dislnnec. 
Subject to these conditions, the actual longitudinal thermal stresses at various points 
in the shell may be computed from the relationship 




E sin 0 


0^*-aET(^)4~ y orT(0)d0 4 — - 


6Tf 

/ “ 


T(0)sin 0d0 


E COS0 


orT(0)cos 0d0 


Complex distributions may be encountered which make it difficult to perform the re- 
quired integrations. In such instances, use can be made of numerical techniques 
whereby the integral signs are replaced by summation symbols. 

To investigate the stability of a particular shell, the maximum longitudinal stress 

must be compared against the critical value which can be obtained from the 

V ^/Max 
formula 


' ^ rV3(1-p2j 

For the design to be satisfactory, it is required that 

^ (^^)cr 


c (16) 

» t 


The Quanntj' y apj>caring above is a so-called kncck-down factor which mainly accounts 
for the detrimental effects from initial imperfections. Note that Equation (15) is iden- 
tical to that used for uniformly compressed circular, cylindrical shells. Its applica- 
tion to Ihc prcsent'problcm is justified on the basis of small-deflection studies reported 
in Rcfc»*cnccs 1 and 2. From the results given in these references, it can be conclu«lcd 
that, regardless of the nature of the circumferential stress distribution, clantlcal 


^C3 


q — ^ ^ 
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Figure 3. Knock-do^^'n Factor 
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